Test Patterns For Measurement of Effective Vacancy Diffusion Area 

TECHNICAL FIELD 

[0001] The present invention relates in general to the field of fabricating semiconductor 
devices, and more particularly to a test pattern for measurement of effective vacancy diffusion 
area. 

BACKGROUND 

[0002] Stress-induced via bottom voiding is a fatal reliability issue commonly encountered 
in typical copper low-k dielectric interconnect structures. The formation of voids at the bottom 
of the vias results from the stress gradient distributions in the copper / low-k dielectric 
interconnect structures, vacancies in the grain boundary of the electroplated copper, and the 
capability of the vacancies to diffuse through the material. 

[0003] In general, the stress gradient drives the vacancies toward the via bottom through the 
pathways of copper grain boundary and the interfaces of copper and the underlying etch stop 
layer. For a given reliability and thermal stress / test condition, such as 175° C and 500 hours, 
there is a characteristic property, namely the effective vacancy diffusion area, that can 
characterize the effective copper area within which vacancies will be driven to the via bottom 
and form potentially fatal voids. 

[0004] Therefore, the effective vacancy diffusion area is unique for a given silicon 
processing baseline and can be used to derive many design rules for a given technology node. 
Currently, a clear index of the metallization quality of a certain baseline process cannot be 



TSM02-1098 



-1- 



obtained. As a result, there is a need for a test pattern that can be used to derive the effective 
vacancy diffusion area for a given baseline process and technology node. 
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SUMMARY OF THE INVENTION 

[0005] The preferred embodiment of the present invention provides test patterns and 
methods that can be used to measure the effective vacancy diffusion area of a given baseline 
metallization process. In one aspect, the invention provides for a test pattern having a first metal 
structure disposed on a substrate, one or more intermediate layers disposed above the first metal 
structure, and a second metal structure disposed above the one or more intermediate layers. At 
least a portion of the second metal structure is disposed above the first metal structure. In 
addition, the second metal structure is smaller than the first metal structure. The test pattern also 
includes a first via passing through the intermediate layers and connecting the first metal 
structure to the second metal structure, one or more third metal structures disposed above the one 
or more intermediate layers and the first metal structure, and one or more second vias passing 
through the intermediate layers and connecting the first metal structure to the third metal 
structures. The second vias are located outside of a radius from a center of the first via. The 
third metal structures are separated from the second metal structure by a dielectric material. 

[0006] The test pattern may also include a fourth metal structure disposed on the substrate in 
close proximity to the first metal structure, wherein the one or more intermediate layers are 
disposed above the fourth metal structure and another portion of the second metal structure is 
disposed above the fourth metal structure. A third via passes through the intermediate layers and 
connects the fourth metal structure to the second metal structure. In addition, one or more fifth 
metal structures are disposed above the one or more intermediate layers and the fourth metal 
structure. The third vias are located outside of the radius from a center of the third via. The fifth 
metal structures are separated from the second metal structure by the dielectric material. One or 
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more fourth vias also pass through the intermediate layers and connect the fourth metal structure 
to the fifth metal structures. 

[0007] In another aspect, the invention provides for a test pattern that includes two or more 
test substructures. Each test substructure includes a first metal structure disposed on a substrate, 
one or more intermediate layers disposed above the first metal structure, and a second metal 
structure disposed above the one or more intermediate layers. At least a portion of the second 
metal structure is disposed above the first metal structure. In addition, the second metal structure 
is smaller than the first metal structure. The test pattern also includes a first via passing through 
the intermediate layers and connecting the first metal structure to the second metal structure, one 
or more third metal structures disposed above the one or more intermediate layers and the first 
metal structure, and one or more second vias passing through the intermediate layers and 
connecting the first metal structure to the third metal structures. The second vias are located 
outside of a radius from a center of the first via, which is different for each test substructure. The 
third metal structures are separated from the second metal structure by a dielectric material. Each 
test substructure may also include a fourth metal structure disposed on the substrate in close 
proximity to the first metal structure, wherein the one or more intermediate layers are disposed 
above the fourth metal structure and another portion of the second metal structure is disposed 
above the fourth metal structure. A third via passes through the intermediate layers and connects 
the fourth metal structure to the second metal structure. In addition, one or more fifth metal 
structures are disposed above the one or more intermediate layers and the fourth metal structure. 
The fifth metal structures are separated from the second metal structure by the dielectric 
material. One or more fourth vias also pass through the intermediate layers and connect the 
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fourth metal structure to the fifth metal structures. The fourth vias are located outside of the 
radius from a center of the third via. 

[0008] The test pattern may also include two or more test structures wherein each test 
structure includes the two or more test substructures wherein the size of the first metal structure 
is substantially constant for each test substructure and different for each test structure. 

[0009] In addition, the present invention provides a method for determining an effective 
vacancy diffusion area for a silicon-on-insulator structure by forming two or more test 
substructures on the substrate, measuring a resistance between a second metal structure and a 
third metal structure(s) of each test substructure before and after thermal stressing of the silicon- 
on-insulator structure, and determining the effective vacancy diffusion area based on a change in 
the resistance measurements. Each test substructure includes a first metal structure disposed on a 
substrate, one or more intermediate layers disposed above the first metal structure and the second 
metal structure disposed above the one or more intermediate layers. At least a portion of the 
second metal structure is disposed above the first metal structure. In addition, the second metal 
structure is smaller than the first metal structure. The test substructure also includes a first via 
passing through the intermediate layers and connecting the first metal structure to the second 
metal structure. The third metal structure(s) are disposed above the one or more intermediate 
layers and the first metal structure. One or more second vias pass through the intermediate 
layers and connect the first metal structure to the third metal structures. The second vias are 
located outside of a radius from a center of the first- via, which is different for each test 
substructure. The third metal structures are separated from the second metal structure by a 
dielectric material. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawing, in which: 

[0011] FIGURE 1 is a diagram of a test structure/substructure in accordance with one 
embodiment of the present invention; 

[0012] FIGURE 2 is a diagram of a test structure/substructure in accordance with another 
embodiment of the present invention; 

[0013] FIGURE 3 A is a diagram of a test structure/substructure in accordance with another 
embodiment of the present invention; 

[0014] FIGURE 3B is a cross-sectional view of the test structure/substructure of FIGURE 
3 A in accordance with one embodiment of the present invention; 

[0015] FIGURE 4 is a diagram of a test structure/substructure in accordance with another 
embodiment of the present invention; 

[0016] FIGURE 5 is a flow chart illustrating the method for determining an effective 
vacancy diffusion area in accordance with the present invention; 

[0017] FIGURE 6 is a diagram of a test pattern in accordance with one embodiment of the 
present invention; and 

[0018] FIGURE 7 is a diagram of a test pattern in accordance with another embodiment of 
the present invention. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0019] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0020] The preferred embodiments of the present invention provide a test pattern and 
method that can be used to measure the effective vacancy diffusion area of a certain baseline 
metallization process. In general, the test pattern includes a hump structure. For example, the 
test pattern can include a first metal structure underlying a second metal structure and electrically 
coupled thereto by a via. The area of the first metal structure is preferably larger than that of the 
second metal structure and the first via is connected at or near the center of the first metal 
structure. 

[0021] The sensitivity of the test pattern can be increased by increasing the area or volume 
of the first metal structure since any vacancies embedded in the grain boundary of the metal are 
proportional to the underlying metal volume/area. As a result, the size ratio of the first metal 
structure to the second metal structure wilt be determined by the process being used and the 
desired sensitivity of the test pattern. 

[0022] One or more second vias, also referred to as dummy vias, can positioned on a circle 
approximately centered on the first via and having a radius of R. Increasing the number of 
second vias will make the test pattern more sensitive to the resistance variation. The dummy 
vias are connected to a third metal structure, also referred to as a dummy metal island. The 
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radius R is varied for different test structures within the test pattern. Ro is considered to be the 
effective vacancy diffusion area of the baseline metallization process. Test patterns having a 
radius R smaller than or equal to Ro show no failure in terms of their electrical properties. 

[0023] Once the effective diffusion area is measured, copper/low-k interconnects can be 
designed to avoid the stress-induced voiding and enhance the product reliability. In addition, the 
strength of the baseline metallization processes can be monitored and indexed with the 
comparison of their effective vacancy diffusion area; the smaller the effective vacancy diffusion 
area, the better the baseline or a recipe. 

[0024] , Now referring to FIGURE 1, a diagram of a test structure 100 in accordance with 
one embodiment of the present invention is shown. This embodiment of the present invention 
provides a test pattern having a first metal structure 102 disposed over a substrate. One or more 
intermediate layers are disposed above the first metal structure 102. Intermediate layers are 
typically a dielectric such as silicon dioxide or silicon nitride. A similar cross-section is shown 
in FIGURE 3B. 

[0025] A second metal structure 1 04 is disposed above the one or more intermediate layers. 
At least a portion of the second metal structure 1 04 is disposed above the first metal structure 
102. In addition, the second metal structure 104 is smaller than the first metal structure 102. 

[0026] The test pattern also includes a first via 106 passing through the intermediate layers 

and connecting the first metal structure 102 to the second metal structure 104. The first via 106 

is approximately centered over the first metal structure 102. One or more third metal structures 

108 are disposed above the one or more intermediate layers and the first metal structure 102. 

The third metal structures are separated from the first metal structure 102 and the second metal 

structure 104 by dielectric material. 
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[0027] In addition, one or more second vias 1 10 pass through the intermediate layers and 
electrically connect the first metal structure 102 to the third metal structures 108, respectively. 
As shown in FIGURE 1 , each second via 1 1 0 is connected to a separate third metal structure 
108. In an alternate embodiment, all of the second vias 1 10 are connected to a single third metal 
structure 108. Moreover, the present invention is not limited to the four second vias 1 10 shown 
because the actual number of second vias 1 10 will be determined in part on the desired 
sensitivity of the test structure/substructure 100. 

[0028] The second vias 110 are located outside of a radius R from a center of the first via 
106. The radius R is selected to measure the effective vacancy diffusion area, typically within a 
range of about 0.5 and about 10 [im. Preferably, first metal structure 102 is a copper structure 
formed within a first dielectric layer using a damascene or dual damascene process, and second 
metal structure 1 04 and third metal structures 108 are copper structures formed in the intervening 
dielectric layer also using a damascene or dual damascene process. In the case of the dual 
damascene process, vias 106 and 1 10 are formed simultaneously with the formation of metal 
structures 108 and 104. 

[0029] In the preferred embodiments, the test pattern is disposed on a silicon-on-insulator 
structure wherein the intermediate layers substantially comprise a dielectric material. The 
dielectric material is typically a low-k dielectric material, which may be chosen from the group 
consisting of polymide, silicon oxycarbide, hydrogen silsesquioxane, methyl silsesquioxane, 
bezocyclobutene, fluorinated glass, fluorinated aromatic ether, inter-penetrated SOG, SILK™, 
Nanoglass™, Coral™ and Black Diamond™. 

[0030] Each metal structure 102, 104 and 108 is typically a metal structure formed using a 
damascene or dual damascene process. The first metal structure 102, second metal structure 104, 
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third metal structure 108, first via 106 and second vias 1 10 are typically copper. The first metal 
structure 102 typically has an area selected from a range of about 100 to about 500 |im 2 , e.g., 
planar dimensions of 20 |xm by a multiple of 3\im. In addition, the second metal structure 104 
and the one or more third metal structures 108 are typically separated by a multiple of 0.5 |im. 

[0031] Referring now to FIGURE 2, a diagram of a test structure/substructure 200 in 
accordance with another embodiment of the present invention is shown. The preferred 
embodiment provides a test pattern having a first metal structure 202 disposed on a substrate, one 
or more intermediate layers disposed above the first metal structure 202 and a second metal 
structure 204 disposed above the one or more intermediate layers. At least a portion of the 
second metal structure 204 is disposed above the first metal structure 202. Once again, the 
second metal structure 204 is preferably smaller than the first metal structure 202. 

[0032] As in the first embodiment, the test pattern also includes a first via 206 passing 
through the intermediate layers and connecting the first metal structure 202 to the second metal 
structure 204. The first via 206 is approximately centered over the first metal structure 202. One 
or more third metal structures 208 are disposed above the one or more intermediate layers and 
the first metal structure 202 and are respectively electrically connected thereto by one or more 
second vias 210. 

[0033] As shown in FIGURE 2, each second via 210 is connected to a separate third metal 
structure 208. But, all of the second vias 210 can be connected to a single third metal structure 
208. FIGURE 3 A illustrates such an embodiment. The second vias 210 are located outside of a 
radius R from a center of the first via 206. The radius R is selected to measure the effective 
vacancy diffusion area, typically within a range of 0.5 and 10 (xm. 
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[0034] The test pattern also includes a fourth metal structure 212 disposed over the substrate 
in close proximity to the first metal structure 202. The one or more intermediate layers are 
disposed above the fourth metal structure 212 and another portion of the second metal structure 
204 is disposed above the fourth metal structure 212. A third via 216 passes through the 
intermediate layers and connects the fourth metal structure 212 to the second metal structure 204. 
The third via 216 is approximately centered over the fourth metal structure 212. 

[0035] In addition, one or more fifth metal structures 218 are disposed above the one or 
more intermediate layers and the fourth metal structure 212. The fifth metal structures 218 are 
separated from the second metal structure 204 by the dielectric material. One or more fourth 
vias 220 also pass through the intermediate layers and connect the fourth metal structure 21 2 to 
the fifth metal structures 218. The fourth vias 220 are located outside of the radius R from a 
center of the third via 216. As shown, each fourth via 220 is connected to a separate fifth metal 
structure 218. But, all of the fourth vias 220 can be connected to a single fifth metal structure 
218. FIGURE 3 A illustrates such an embodiment. Preferably, the radius R of the second test 
structure 212 is different than the radius R of the first test structure 202. 

[0036] The test pattern is disposed on more than one layer of a silicon-on-insulator 
structure wherein the intermediate layers substantially comprise a dielectric material. The 
dielectric material is typically a low-k dielectric material, which maybe chosen from the group 
consisting of polymide, silicon oxycarbide, hydrogen silsesquioxane, methyl silsesquioxane, 
bezocyclobutene, fluorinated glass, fluorinated aromatic ether, inter-penetrated SOG, SILK™, 
Nanoglass™, Coral™ and Black Diamond™. Each metal structure 202, 204, 208, 212 and 218 
is typically a metal structure formed using a damascene or dual damascene process. The first 
metal structure 202, second metal structure 204, third metal structure 208, fourth metal structure 
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212, fifth metal structure 218, first via 206, second vias 210, and third vias 220 are typically 
copper. The first metal structure 102 and fourth metal structure 212 typically have an area 
selected from a range of 100 to 500 jam 2 , e.g., planar dimensions of 20 |im by a multiple of 3|im. 
In addition, the separation between the second metal structure 204 and the third and fifth metal 
structures 208 and 218 is typically a multiple of 0.5 jxm. 

[0037] In one embodiment of the present invention, the planar dimensions of the first metal 
structure are 20 |im by a multiple of 3jim, the second metal structures are at least 0.1 1 \xm by 10 
^m, and the third metal structures are at least 0.3 jam by 0.3 |im. In addition, the second metal 
structure and the one or more third metal structures are separated by a multiple of 0.5 (im, and 
the first via and second vias have a width of at least 0.1 \xm. The following table provides some 
representative values for the dimensions illustrated in Figure 2. 



Dimensions (um) 


A 


B 


c 


D 


E 


F 


G 


H 


0.3 


0.1 


0.11 


10 


0.005 


6 to 12 


20 


0.5 to 5.0 



[0038] Now referring to FIGURE 3 A, a diagram of a test structure/substructure 300 in 
accordance with another embodiment of the present invention is shown. The present invention 
provides a test pattern having a first metal structure 302 disposed on a substrate, one or more 
intermediate layers disposed above the first metal structure 302 and a second metal structure 304 
disposed above the one or more intermediate layers. At least a portion of the second metal 
structure 304 is disposed above the first metal structure. In addition, the second metal structure 
304 is smaller than the first metal structure 302. The test pattern also includes a first via 306 
passing through the intermediate layers and connecting the first metal structure 302 to the second 
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metal structure 304. The first via 306. is approximately centered over the first metal structure 

.302. 

[0039] One or more third metal structures 308 are disposed above the one or more 
intermediate layers and the first metal structure 302. The third metal structures 308 are separated 
from the second metal structure 304 by a dielectric material. In addition, one or more second 
vias 310 pass through the intermediate layers and connect the first metal structure 302 to the 
third metal structures 308. As shown, all of the second vias 310 are connected to a single third 
metal structure 308. The second vias 310 are located outside of a radius R from a center of the 
first via 306. The radius R is selected to measure the effective vacancy diffusion area, typically 
within a range of 0.5 and 10 jim. 

[0040] The test pattern also includes a fourth metal structure 312 disposed on the substrate 
in close proximity to the first metal structure 302, wherein the one or more intermediate layers 
are disposed above the fourth metal structure 312 and another portion of the second metal 
structure 304 is disposed above the fourth metal structure 312. A third via 316 passes through 
the intermediate layers and connects the fourth metal structure 312 to the second metal structure 
304. The third via 316 is approximately centered over the fourth metal structure 312. In 
addition, one or more fifth metal structures 318 are disposed above the one or more intermediate 
layers and the fourth metal structure 312. The fifth metal structures 318 are separated from the 
second metal structure 304 by the dielectric material. One or more fourth vias 320 also pass 
through the intermediate layers and connect the fourth metal structure 312 to the fifth metal 
structures 318. As shown, all of the fourth vias 320 are connected to a single fifth metal 
structure 318. The fourth vias 320 are located outside of the radius R from a center of the third 
via 316. 
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[0041] The test pattern is disposed on more than one layer of a silicon-on-insulator 
structure wherein the intermediate layers substantially comprise a dielectric material. The 
dielectric material is typically a low-k dielectric material, which may be chosen from the group 
consisting of polymide, silicon oxycarbide, hydrogen silsesquioxane, methyl silsesquioxane, 
bezocyclobutene, fluorinated glass, fluorinated aromatic ether, inter-penetrated SOG, SILK™, 
Nanoglass™, Coral™ and Black Diamond™. Each metal structure 302, 304, 308, 312 and 318 
is typically a metal structure formed using a damascene or dual damascene process. The first 
metal structure 302, second metal structure 304, third metal structure 308, fourth metal structure 
312, fifth metal structure 318, first via 306, second vias 310, and third vias 320 are typically 
copper. The first metal structure 302 and fourth metal structure 312 typically have an area 
selected from a range of 100 to 500 ^m 2 , e.g., planar dimensions of 20 by a multiple of 3|um. 
In addition, the separation between the second metal structure 304 and the third and fifth metal 
structures 308 and 318 is typically a multiple of 0.5 [im. 

[0042] Referring now to FIGURE 3B, a cross-sectional view of the test 
structure/substructure 300 of FIGURE 3A in accordance with one embodiment of the present 
invention is shown. The lower layer 352 can be the semiconductor substrate, silicon-on-insulator 
structure or any processing layer (e.g., an intermetal dielectric) preceding the test 
structure/substructure layers 354. The test structure/substructure layer includes a first structure 
layer 356, one or more intermediate layers 358 and a second structure layer 360. The first 
structure layer 356 includes the first metal structure 302 and second metal structure 312 
separated by a dielectric material 362. 

[0043] The intermediate layers 358 include the first via 306, second vias 310, third via 316 
and fourth vias 320 separated by dielectric material 364. The second structure layer 360 includes 
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the second metal structure 304, third metal structure 308 and fifth metal structure 318 separated 
by dielectric material 366. Dielectric material 362, 364 and 366 is typically a low-k dielectric 
material, which can be the same material or different depending on the situation. The dielectric 
material may be chosen from the group consisting of polymide, silicon oxycarbide, hydrogen 
silsesquioxane, methyl silsesquioxane, bezocyclobutene, fluorinated glass, fluorinated aromatic 
ether, inter-penetrated SOG, SILK™, Nanoglass™, Coral™ and Black Diamond™. Each metal 
structure 302, 304, 308, 312 and 318 is typically a metal structure, such as copper, formed using 
a damascene or dual damascene process. The test structure/substructure 300 can be created 
using standard processing techniques, such as a standard trench first dual damascene IC 
fabrication process. The metal structures 302, 304, 308, 312 and 318 can be damascene 
structures, multi-layer damascene structures, modified damascene structures, or other structures. 
The vias 306, 3 10, 3 16 and 320 are typically copper and can be created using standard 
processing techniques. 

[0044] Now referring to FIGURE 4, a diagram of a test structure/substructure 400 in 
accordance with another embodiment of the present invention is shown. The test pattern 
includes a first metal structure 402 disposed on a substrate, one or more intermediate layers 
disposed above the first metal structure 402, and a second metal structure 404 disposed above the 
one or more intermediate layers. At least a portion of the second metal structure 404 is disposed 
above the first metal structure 402. In addition, the second metal structure 404 is smaller than 
the first metal structure 402. The test pattern also includes a first via 406 passing through the 
intermediate layers and connecting the first metal structure 402 to the second metal structure 
404. The first via 406 is approximately centered over the first metal structure 402. One or more 
third metal structures 408 are disposed above the one or more intermediate layers and the first 
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metal structure 402. The third metal structures 408 are separated from the second metal structure 
404 by a dielectric material. In addition, one or more second vias 410 pass through the 
intermediate layers and connect the first metal structure 402 to the third metal structures 408. As 
shown, each second via 410 is connected to a separate third metal structure 408. The second vias 
410 are located outside of a radius R from a center of the first via 406. The radius R is selected 
to measure the effective vacancy diffusion area, typically within a range of 0.5 and 10 jam. 

[0045] The test pattern also includes a fourth metal structure 412 disposed on the substrate 
in close proximity to the first metal structure 402, wherein the one or more intermediate layers 
are disposed above the fourth metal structure 412, and another portion of the second metal 
structure 404 is disposed above the fourth metal structure 412. A third via 41 6 passes through 
the intermediate layers and connects the fourth metal structure 412 to the second metal structure 
404. The third via 416 is approximately centered over the fourth metal structure 412. In 
addition, one or more fifth metal structures 418 are disposed above the one or more intermediate 
layers and the fourth metal structure 412. The fifth metal structures 418 are separated from the 
second metal structure 404 by the dielectric material. One or more fourth vias 420 also pass 
through the intermediate layers and connect the fourth metal structure 412 to the fifth metal 
structures 418. The fourth vias 420 are located outside of the radius R from a center of the third 
via 416. As shown, each fourth via 420 is connected to a separate fifth metal structure 418. 

[0046] The test pattern is disposed on more than one layer of a silicon-on-insulator 
structure wherein the intermediate layers substantially comprise a dielectric material. The 
dielectric material is typically a low-k dielectric material, which may be chosen from the group 
consisting of polymide, silicon oxycarbide, hydrogen silsesquioxane, methyl silsesquioxane, 
bezocyclobutene, fluorinated glass, fluorinated aromatic ether, inter-penetrated SOG, SILK™, 
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Nanoglass™, Coral™ and Black Diamond™. Each metal structure 402, 404, 408, 412 and 418 
is typically a metal structure formed using a damascene or dual damascene process. The first 
metal structure 402, second metal structure 404, third metal structure 408, fourth metal structure 
412, fifth metal structure 418, first via 406, second vias 410, and third vias 420 are typically 
copper. The first metal structure 102 and fourth metal structure 412 typically have an area 
selected from a range of 100 to 500 ^m , e.g., planar dimensions of 20 \im by a multiple of 3 
\im : In addition, the separation between the second metal structure 404 and the third and fifth 
metal structures 408 and 418 is typically a multiple of 0.5 |im. 

[0047] Referring now to FIGURE 5, a flow chart illustrating the method 500 for 
determining an effective vacancy diffusion area in accordance with the preferred embodiment of 
the present invention is shown. The method 500 is performed by forming two or more test 
substructures on the substrate in block 502, measuring a resistance between a second metal 
structure and a third metal structure(s) of each test substructure before and after thermal stressing 
of the silicon-on-insulator structure in block 504, and determining the effective vacancy 
diffusion area based on a change in the resistance measurements in block 506. Note that the 
radius R between the center via and the surrounding vias is different for each substructure and 
that the effective vacancy diffusion area is determined from the substructure having a radius R 
that results in an acceptably high resistance level after thermal stress testing. Note that the 
resistance can also be measured during the thermal stressing. The thermal stressing is typically 
performed between 125°C and 300°C over a duration of between 100 and 1000 hours, e.g., 
approximately 175°C for 500 hours. In the preferred embodiments, the threshold for 
determining that the resistance is unacceptably high is a specified contact resistance variation, 
such as 10%, 20% or 100% depending on the testing parameters. 
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[0048] As previously described with reference to FIGURES 1, 2, 3 A, 3B and 4, each test 
substructure includes a first metal structure disposed on a substrate, one or more intermediate 
layers disposed above the first metal structure and the second metal structure disposed above the 
one or more intermediate layers. At least a portion of the second metal structure is disposed 
above the first metal structure. In addition, the second metal structure is smaller than the first 
metal structure. The test substructure also includes a first via passing through the intermediate 
layers and connecting the first metal structure to the second metal structure. The third metal 
structure(s) are disposed above the one or more intermediate layers and the first metal structure. 
One or more second vias pass through the intermediate layers and connect the first metal 
structure to the third metal structures. The third metal structures are located outside of a radius 
from a center of the first via, which is different for each test substructure, and are separated from 
the second metal structure by a dielectric material. 

[0049] Each test substructure may also include a fourth metal structure disposed on the 
substrate in close proximity to the first metal structure, wherein the one or more intermediate 
layers are disposed above the fourth metal structure and another portion of the second metal 
structure is disposed above the fourth metal structure, a third via passing through the 
intermediate layers and connecting the fourth metal structure to the second metal structure, one 
or more fifth metal structures disposed above the one or more intermediate layers and the fourth 
metal structure, and outside of the radius from a center of the third via, the fifth metal structures 
separated from the second metal structure by the dielectric material, and one or more fourth vias 
passing through the intermediate layers and connecting the fourth metal structure to the fifth 
metal structures. 
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[0050] The step of forming two or more test substructures on the substrate may include the 
step of forming two or more test structures on the substrate, each test structure containing the 
two or more test substructures wherein the size of the first metal structure is substantially 
constant for each test substructure and different for each test structure. For example, the test 
pattern may include three test structures having ten test substructures in the first test structure, 
seven test substructures in the second test structure and four test substructures in the third test 
structure. 

[0051] Now referring to FIGURE 6, a diagram of a test pattern 600 in accordance with one 
embodiment of the present invention is shown. The test pattern 600 includes two or more test 
substructures, such as test substructures 602, 604, 606, 608, 610, 612, 614, 616, 618 and 620. As 
shown, the test substructures 602-620 are constructed in accordance with test substructure 300 
(FIGURES 3 A and 3B). Note that the test substructures 602-620 can be any combination or 
variation of the examples shown in FIGURES 1, 2, 3A, 3B, and 4 f Each test substructure has a 
different radius R: Test substructure 602 has radius R t , test substructure 604 has radius R 2 , test 
substructure 606 has radius R 3 , test substructure 608 has radius R4, test substructure 610 has 
radius R5, test substructure 612 has radius R 6 , test substructure 614 has radius R7, test 
substructure 616 has radius R 8 , test substructure 618 has radius R9, and test substructure 620 has 
radius Ri 0 . The test substructures 602-620 can be adjacent to one another or arranged in a block 
pattern or some other pattern to fit the designated space and testing requirements. The radii Ri to 
Rio are selected to provide a good determination of the effective vacancy diffusion area. 

[0052] Referring now to FIGURE 7, a diagram of a test pattern 700 in accordance with 
another embodiment of the present invention is shown. The test pattern 700 includes three test 
structures 702, 750 and 780. Each test structure 702, 750 and 780 contains two or more test 
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substructures 704-722, 752-764 and 782-788 wherein the size of the first metal structure is 
substantially constant for each test substructure and different for each test structure (Fl for each 
test substructure 704-722 in test structure 702, F2 for each test substructure 752-764 in test 
structure 750, and F3 for each test substructure 782-788 in test substructure 780. As shown, the 
test substructures 704-722, 752-764 and 782-788 are constructed in accordance with test 
substructure 300 (FIGURES 3 A and 3B). Note that the test substructures 704-722, 752-764 and 
782-788 can be any combination or variation of the examples shown in FIGURES 1, 2, 3 A, 3B, 
and 4. Within each test structure 702, 750 and 780, each test substructure 704-722, 752-764 and 
782-788 has a different radius R, for example. 

[0053] Test structure 702 contains test substructure 704 having radius Rj, test substructure 
706 having radius R 2 > test substructure 708 having radius R 3 , test substructure 710 having radius 
R 4 , test substructure 712 having radius R 5 , test substructure 714 having radius R 6 , test 
substructure 716 having radius R 7 , test substructure 718 having radius Rg, test substructure 720 
having radius R 9 , and test substructure 722 having radius Rio. 

[0054] Test structure 750 contains test substructure 752 having radius R\ i, test substructure 
754 having radius Ri 2 , test substructure 756 having radius Rn, test substructure 758 having 
radius Ri 4 , test substructure 760 having radius R15, test substructure 762 having radius Ri<s, and 
test substructure 764 having radius R17. 

[0055] Test structure 780 contains test substructure 782 having radius Ri 8 > test substructure 
784 having radius R19, test substructure 786 having radius R 2 o, and test substructure 788 having 
radius R21. 

[0056] The test substructures 704-722, 752-764 and 782-788 can be adjacent to one another 

or arranged in a block pattern or some other pattern to fit the designated space and testing 
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requirements. The radii Ri to R 2 i are selected to provide a good determination of the effective 
vacancy diffusion area, 

[0057] The desired radius R can be achieved by specifying the separation between the 
second metal structure and the one or more third metal structures within the test substructures. 
For example, the second metal structure and the one or more third metal structures within the 
first, second, third, fourth, fifth, sixth, seventh, eighth, ninth and tenth test substructures of the 
first test structure are separated by approximately 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 urn, 
respectively. The second metal structure and the one or more third metal structures within the 
first, second, third, fourth, fifth, sixth and seventh test substructures of the second test structure 
are separated by approximately 0.5, 1, 1.5, 2, 2.5, 3 and 3.5 jum, respectively. The second metal 
structure and the one or more third metal structures within the first, second, third and fourth test 
substructures of the third test structure are separated by approximately 0.5, 1, 1.5 and 2 p,m, 
respectively. The first width for the first test substructure, second test substructure, third test 
substructure, fourth test substructure and fifth test substructure is approximately 3, 5, 10, 15 and 
20 |im, respectively. The first metal structure of each test substructure of the first test structure is 
approximately 240 (xm 2 . The first metal structure of each test substructure of the second test 
structure is approximately 1 80 ^im 2 . The first metal structure of each test substructure of the 
third test structure is approximately 120 jam 2 . 

[0058] The following table lists the dimensions for the test substructures in accordance with 
one implementation of the present invention. The test pattern illustrated includes twelve test 
structures with each test structure having five test substructures. 
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Test Pattern 


Dimensions (^im) 


No. 
of 


Sitnirtiirp 

kj 11 L4-V-' L LAI Vv 

No. 


Si 1 1 Vi q tn ] c ti i rp 

UUUijLl Li V/ L UI V> 

No. 


A 


J. J 


c 


n 


F 


F 


a 


H 


V ldo 


1 


1 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


0.5 


18 




2 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


1.0 


18 




3 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


1.5 


18 




4 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


2.0 


18 




5 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


2.5 


18 




6 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


3.0 


18 




7 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


3.5 


18 




8 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


4.0 


18 




9 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


4.5 


18 




To 


0.3 


0.1 


0.11 


10 


0.005 


12 


20 


5.0 


18 


2 


l 


0.3 


0.1 


on 


10 


0.005 


9 


20 


0.5 


18 




2 


0.3 


0.1 


0.11 


10 


0.005 


9 


20 


1.0 


18 




3 


0.3 


0.1 


0.11 


10 


0.005 


9 


20 


1.5 


18 




4 


0.3 


0.1 


0.11 


10 


0.005 


9 


20 


2.0 


18 




5 


0.3 


0.1 


0.11 


10 


0.005 


9 


20 


2.5 


18 




6 


0.3 


0.1 


0.11 


10 


0.005 


9 


20 


3.0 


18 




7 


0.3 


0.1 


0.11 


10 


0.005 


9 


20 


3.5 


18 ■ 


3 


1 


0.3 


0.1 


0.1 1 


10 


0.005 


6 


20 


0.5 


18 




2 


0.3 


0.1 


0.11 


10 


0.005 


6 


20 


1.0 


18 




3 


0.3 


0.1 


0.11 


10 


0.005 


6 


20 


1.5 


18 




4 


0.3 


0.1 


0.11 


10 


0.005 


6 


20 


2.0 


18 
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[0059] Accordingly, the first width for the first test substructure, second test substructure, 
third test substructure, fourth test substructure and fifth test substructure is approximately 3,5, 
10, 15 and 20 nm, respectively. The second width for each test structure ranges from about 0.1 
to 0.8 (im. 

[0060] While several embodiments of the invention, together with modifications thereof, 
have been described in detail herein and illustrated in the accompanying drawings, it will be 
evident that various modifications are possible without departing from the scope of the present 
invention. The examples given are intended to be illustrative rather than exclusive. The 
drawings may not necessarily be to scale and features may be shown in a schematic form. 
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